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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

AW INVESTIGATION OF THE LOV-SPEED CHARACTERISTICS OF 

TWO SHARP-EDCE SUPERSONIC ETLETS DESIGNED FOR 

ESSENTIALLY EXTERNAL SUPERSONIC COMPRESSION 

By John S. Dennard 

SUMMARY 

An Investigation of tvo aharp-edge annaler inlets with conical 
central bodies has been conducted, at low airspeeds in the Langley 
propeller-research tunnel to obtain preliminai'y Information con- 
cerning the surface-pressure, drag, and pressure-recover/ charac- 
teristics of such lnleta in the subsonic flight regime.    Inlet A, 
which was designed for supersonic flight Mach numberB betveen 1.0 
and 1.8, was essentially similar to the IIACA transonic air inlet 
described in NACA Research Msmorsndvms Nos. J.6J01+ and L7A06 except 
that it had a Eharp-edge inlet lip.    Inlet B, which was designed 
for supersonic flight Mach numbers up to about 3.0, was representa- 
tive of the inlets described in NACA Research Memorandum No. L6.731. 
Surface-pressure measurements and surveys of the pressures in the 
internal and external flow were obtained at angles of attack of 0° 
and 6° for a wide range of lnlet-veloclty ratio. 

It appears that the sharp-edge lips of such inlets will operate 
without serious pressure peaks only over a narrow range of inlet- 
velocity ratio.   Flow separation from such cowling lips occurs out- 
side of this range, on the external surface at lower lnlet-veloclty 
ratios and on the Internal surface at higher lnlet-veloclty ratios. 
This separation Is at first Israel;/ confined to a  "bubble" near the 
leading edge which does not Initiate larje total-pressure losses 
over a fairly wide range of inlet-velocity ratio. 

internal losses for both inlets tested vere of the same order 
as those for the previously tested ITACA transonic inlet below an 
inlet-velocity ratio of 1.8.   At inlet-velocity ratios above this 
value, the pressure recoveries were lower than that for the NACA 
transonic inlet.    Similarly, it is indicated t' ?t the external drag 
for inlets A and B will be higher than that for the NACA transonic 
lnlst, especially at low values of inlet-velocity ratio. 
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The external lip surface for such Inlets can be designed for 
a desired critical Mach number (subsonic) through the use of existing 
data for the NACA 1-aeries r.ose inlets. 

INTRODUCTION 

.! 

±#* 

In reference 1 a sharp-edge supersonic ncse inlet is described 
in which the conical shock from the extended conical central body 
is utilized to obtain external supersonic compression and reduced 
flow velocities in the vicinity of the inlet.    It Appears that such 
an Inlet will afford high pressure recoveries and smooth operating 
characteristics over a wide range of supersonic flicht Mach numbers 
and can be designed for a drag only slightly greater than that for 
an Inlet with completely internal supersonic egression.   Because 
of the great interest in the subject Inlets, t-/ present Investi- 
gation has been conducted in the langloy propeller-research tunnel 
to obtain preliminary information concerning the surface-pressure, 
drag, and pressure-recovery characteristics in the subsonic flight 
regime where the sharp inlet lips might cause serious separation 
effects. 

The two test inlets were designed in accordance with the data 
contained In reference 1.    Inlet A.  which was designed for flight 
Mach numbers up to 1.2, was essentially similar to the NACA transonic 
air inlet except for the conventional round-edge lips of the transonic 
inlet.    (See references S and 3.)    However, as sharp-edge ir.lets have 
been proposed frequently for this flight regime, tests of this con- 
figuration were made to obtain data for a preliminary catsparison of 
the two types of lip shapes. 

Inlet B, which was designed for supersonic flight Mach numbers 
up to 3.0,  is representative of the inlets reported in reference 1. 

Surface pressures ware measured over the top parts of the nose 
cone,  inner and outer walla of ths diffuser, and external cowling 
surface.   Pressure surveys were made in the inlets and in the dif- 
fusers of both cowlings.   Boundary-layer totel-pressure surveys were 
made at the rear of the external cowling surfaces. 
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SYMBOLS 

total pressure, pounds per square foot 

average total pressure, pound« par square foot 
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predicted critical Mach number 

static pressure, pounds per square foot - 

tree-stream static pressure, pounds per square foot 

free-atream dynamic pressure, pounds per square foot 

average velocity of flov at inlet, feet per second 

free-atream velocity, feet per second 

angle of attack, degrees 

boundary-layer thickness (defined as distance fron surface 
H " P„ 

to point where    • 0 -95)»    lnohe» 
4o 

MODEL AND TESTS 

Line drawings of the two Inlets tested are presented as figure 1. 
It Is noted that the shapes of the dlffusers and covlinga for the 
two Inlets ware necessarily dissimilar due to the differences In 
nose angle, cowling position, and inlet-lip angle.   The transition 
Between the nose and diffuser surface of inlet A was a bend of small 
radius aa contrastsd to the long smooth transition for Inlet B.    A 
simple radius was used in inlet A to fair between the wedge-shape 
Up section and the maximum thickness of the test body; a portion 
of the external shape for an NACA 1-77.5-050 nose inlet (reference k) 
was used for the correspond trig transition fairing for inlet B.    (See 
detail, fig. 1.)    Inlet areas were 1.106 square feet for inlet A 
and 0.695 square foot for inlet B.    Inlet A used the same conical 
nose and had approximately the same Inlet area as the NACA annular 
transonic air Inlet tested in reference 2. 

The general arrangement and over-ell dimensions of the model 
are presented as figure ?, and photographs of the model with the two 
Inlets Installed are shcwi as figures 3 thr«U(j*i 6.    The internal-flow 
system included a 25-horaepover axlal-flov fan, which was necessary 
to obtain the higher inlet-velocity ratios.    Control of the flow 
quantity was obtained by varying the rotational speed of the fan 
and the position of the butterfly-type shutters.    Internal-flow 
quantities were measured by means of the total- and static-pressure 
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tube« at the throat of the venturl and checked by a rake at the 
exit.   A thermocouple attached to the exit rake was used to meesure 
the temperature rlae through the fan. 

Prior to the tunnel testa, the venturl in the tall of the model 
was calibrated to assure the accuracy of the Internal flcv quantity 
measurements.    It vaa found that accurate measurements could be 
obtained so long as the fan did not introduce appreciable rotation 
in the flow through the thraat of the venturl.    It ras ::1SJ deter- 
mined that ouch rotation could be avoided for any desired I'low 
quantity by aimulfcaneoua adjustment of the fan rotational spaed and 
the position of the flow-control shutters.   During the tunnel testa, 
the existence of a uniform static-pressure distribution In tne 
venturl throat, which was indicative of the avoidance of flow rota- 
tion, was established for each test condition by visual observations 
of a multltube manometer. 

Surface prpasurea were measured bv means r.f 52 orifices installed 
at the tops of the noses, diffuser surfaces, and external cowling 
surfaces.    Inlet pressure surveys were made at the bottom end right 
side of the annulus for inlets A and B,l inch enfl l/£ inch, respec- 
tively, downstream of the inlet.    Surve.78 were also made of the 
pressures at the top and left side of the diffusers eftor on area 
expansion of 11.5 percent (stations ISA and 11.8 for Inlets A and B, 
respectively).    Inlet A had an additional rake located halfway between 
the other two diffuser rakes.    A typical rake may be aee.i in figure 6. 

Pressure surveys were conducted at angles of attack ef -6°, 0°, 
and 6° for ten values of inlat-velocity ratio ranging between 0.25 
and 1.65.    Pressure surveys for the parts of the model diametrically 
opposite to the inatriunentfition were obtained by the expedient of 
testing at tho numerically eq.i'al negative angle of attack.    A tunnel 
speed of lflO miles per hour, vhtch corresponds tc a Mach number 
of 0.13 and a Reynolds number of about P,000,COO based on the 
maximum cowling diameter, was used for tests at inlet-velocity 
ratios up to 0.9 for Inlet A and up to l.r: for Inlet B.    For the 
remaining testa,  tho tunnel speed was reduced to about 70 miles per 
hour in order to obtain the higher inlet-velocity ratios with the 
available fan power. 

BESOMS AND DISCUSSION 

»os« und inner surface of diffuser.- Surface-pressure distri- 
butions oTsr the nose and Inner surface of the diffuser of each of 
the two Inlets ars presented as figure 7-   At an angle of attack 
of 00, flow velocities over the surfaces ahead of the inlets wars 
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oubstream at inlet-velocity ratios below unit?. Ae would be expected, 
the velocities on the nose of inlet B were much lower than those for 
inlet A because of the greater cone angle. Increasing the angle of 
attack increased the flow velocities at the upper forward parts of 
the nose cones and the bottom of the inlets (as indicated by the 
data for a * -6°) and reduced the velocities at the tops of the 
inlets. At the lowest test inlet-velocity ratios, the surface pres- 
sure distributions indicate boundary-layer separation from the top 
surfaces Just in front of the inlets for a = 6°. 

The surface pressures at the inlets of both configurations 
at o=0° (fig. 7) were always more negative than corresponding 
estimated values based on the inlet-velocity ratio because the 
inlet-velocity distribution was nonuniform due to the boundary 
layers on the nones and alsc because of the curvature of the nose 
cone near the plane of the inlet- Maximum velocities on the centrsl 
bodies of both configurations occurred aft of the inlet for all tost 
conditions despite the fact that the minimum duct area occurred at 
the inlet. This phenomenon can, for the higher inlet-velocity ratios, 
be partly attributed to a small reduction in the effective area aft 
of the inlet caused by sepsration of the flow from the sharp-edge 
inlet lips; as will appear later, auch separation was more pronounced 
for inlet B then for inlet A for the seme inlet-velocity ratio. The 
effect is also due to the fact that the center of the curved transi- 
tion region between the cone and the inner wall of the diffuser 
occurs aft of the inlet, particularly for nose B. In general, 
velocity tends to be a  maximum near the c&nter of a curved transi- 
tion region between two straight surfaces. 

Inlet lips.- Pressure distributions over the lips of the test 
inlets for a • 0° (fig. 8) show that large negative pressure peaks 
occurred on the outside surfaces Just behind the leading edges at 
the lowor inlet-velocity ratios and on the inside surfaces just 
behind the leading edges at the higher inlet-velocity ratios; hence, 
these inlets operate without high pressure peaks only in a narrow 
rang« of inlet-velocity ratio. The shapes of the pressure distri- 
butions indicate that separation bubbles existed at these points 
in conjunction with these pressure peaks. The separation bubble on 
the external surface or inlet B was smaller than that for inlet A 
because of the greater camber of the lip. At the top of the inlet 
the effect of increasing the angle of attack was to broaden and 
increase the magnitude of the external pressure peaks and to decrease 
the magnitude of the internal pressure peaks; the data for a » -6° 
(fig. 8(c)) Indicate opposite trends existed at the bottoms of the 
inlets. 

Total-pressure surveys in the boundsry layer near the rear of 
the cowlings are presented In figure 9- A plot of the boundary-layer 
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thicknesses corresponding to these data against Inlet-velocity 
ratio (fig. 10) shows that at o « 0°  severe separation from the 
llpa of either cowling did not occur aocve Inlet-velocity ratios of 
about 1.0. Belov this Inlet-velocity ratio inlet B showed only a 
slight thickening of the boundary layer whereas inleb A shewed 
rapidly increasing boundary-layer thickness. A comparison of the 
data in figure 9(a) with comparable data in figure 16 of reference 3 
also Indicates that for inlet A the boundary layer on the external 
lip surface la much thicker and therefore the external drag would 
probably be higher than that for the NACA transonic inlet of refer- 
ences 2 and 3 for most of the useful range of inlet-velocity ratio. 

It la noted that at the higher teBt values of inlet-velocity 
ratio, the pressure distribution over the external part of the lip 
of inlet B (fig. 8) was fairly flat as Is characteristic of the 
pressure distributions for the NACA 1-series rioss inlets of rerer- 

ence U. At a = 0° and — = 0.9, the critical Mach number fur 
V "o 

this Burface predicted according to reference 5 was 0.7U, a value 
of the same order as that estimated for the NACA I-77.5-050 nose 
inlet which was used as the basic transition ehape. This result 
indicates that the transition fairing aft of the wedge-shape !'• • 
section can be designed for any desired critical Mach number up to 
about 0.9 by use of tho existing data for the NACA 1-aeries nose 
inlets. 

The negative pressure peaks on the Internal lip surface of 
Inlet B in general were somewhat higher and broader than those for 
Inlet A for equal inlet velocity ratios. (See fig. 8.) This result 
indicates that, as previously deduced, the size of the separation 
bubble on the inside of the lip of auch Inlets tends to increase as 
the camber of the lip Is increaaed. However, the flow returned to 
the surface quickly in both cases. Subsequent results show that 
the Internal separation losses were not excessive for either inlet 

vi 
up to — = 1.2, but were larger for inlet B than for inlet A at 

vo 
the higher values of inlet-velocity ratio. 

Minimum surface pressures and critical Mach numbers.- The minimum 
surface pressures measured at the top of the model for angles of attack 
of -6°, 0°, and 6° are given in figure 11; corresponding critical Mach 
numbers predicted according to reference b  are summarized in figure 12. 
The data for a • -6° may be regarded as being applicable to the 
bottom section of the inlets for a = 6°. 
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The most Important it«« to be noted In figure» JU and 12 1» 
tntt for angles of attack of both 0° and 6° the velocities on the 
noae of Inlet B remained substresa up to an Inlet-Telocity ratio of 
the order of 1.1 and «ere lover than the velocities on the diffuser 
surfaces Just lnalde the Inlet for the higher test values of   V1/V0. 
Accordingly, for aubsonlo flight speeds It vould be expected that 
the Inlet vould choke before any local supersonic speed appeared on 
the cone.   The data for inlet A Indicate approximately this same 
conclusion, although the margin of safety Is considerably less than for Inlet B. 

Means for Increasing the critical speed of the external lip 
surfaces were not Investigated In the present tests.   However, as 
previously noted, It appears that this sight be accomplished by 
using a hlgher-crltlcal-epeed HACA l-.ierlea .--.ose-lilet shape 
(reference k) in the transition fairing between the sharp Inlet 
lip and the maximum thickness section of the fuselage. 

Presauro surveys in Inlets.- Pressure surveys at the Inlets of 
the two test configurations are presented in figure 13.   At an angle 
of attack of 0°, the boundary layer on the conical nose of Inlet A 
appeared to be separated at the lowest Inlet-velocity ratio   and 
was auch thicker than that for inlet B for all test inlet-velocity 
ratios.   The effect of Increasing angle of attack was to increase 
the inlet-velocity ratio at which separation occurred at the top of 
the inlet and to produce the opposite effect at the bottom.    Inlet- 
velocity ratios of about O.y and O.J were required at an angle of 
attaok of 6° to avoid separation at the tops of lnleta A and B, 
respectively.   The pressure distributions at the sldss of the Inlets 
were essentially the same for angles of attack of 0° and 6°. 

Pressure aurv^s in difl'usora.- .Pressure surveys in the dif- 
fusere of the two test corfl&uratlons after an area expansion of 
11.5 percent ere shown In fißurs lA.    At the lower Inlet-velocity 
ratios,  the boundary layers on the inner surface of the diffuser 
were very thick and coapobed the major part cf the total loeaes. 
However, at inlet-velocity ratios above unitj,  which Bay be Important 
for the subsonic flight regime,  the aeparaMcn losses from the inner 
psrt of the inlet lip became more important than the boundary-layer losses at the inner surface of the diffuser. 

The averages, obtained by integration,  of the total-pressure 
recoveries in the diffusere of the two test configurations are pre- 
sented In figure 15 as functions of the inlet-velocity ratio for 
angles of attack of 0° and t3.   The pressure recover:es for inlet B 
v**« over 90 percent of   a^    below an Inlet-velocity ratio of about 
unity and were slightly higher than those for inlet A because of the 
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smaller boundary layer at the Inlet. Above an inlet-velocity ratio 
of about unity the pressure recovery for inlet J3 was leas than that 
for inlet A bacauae of the more severe separation from the lip of 
inlet D. 

A comparieon of the data contained in figure 15 with corre- 
sponding pressure recoveries for the NACA transonic air inlet (after 
17 percent area expansion, reference 3) shows tiiat the pres3ure 
rocoveriee for the tve lnlet3 vere of the same order below an inlet- 
velocity ratio of about 1.2. Above this inlet-velocity ratio much 
higher pressure recoveries «ere obtained with the NACA transonic air 
inlet due to the avoidance of separation from the inr.er surface of 
its inlet lip. The NACA transonic inlet would be expected tn exhibit 
a much higher pressure recovery in the climb condition. 

I 

CONCLUDING KR'AKKS 

A wind-tunnel investigation has been made to determine the low- 
speed characteristics of two sharp-edge supersonic cir Inlet.-: d.-sijned 
for esssntially external auperBonlc compression in accordance with 
the investigation of NACA PM No. I6J31.    Inlet A, which was designed 
for flight Mach numbers up to 1.2, was a configuration similar to 
the NACA transonic inlet Investigated in the tests cf NACA BM Ho. I6j0k 
and NAC1 FM No. L7A06 and therefore provides a comparison b3tweun a 
sharp-edge and a conventional (subsonic) cowling.    Inlet B, which was 
designed for supersonic flight Mach numbers up to about 3.6,was repre- 
sentative of the Inlet 112er"  in the tests of NACA RH No. LÖJ31.    The 
results of the investigation ure sunmariiod as follows: 

1. Sharp-edge cowlings of this type will operate without high 
pressure posies only In a narrow renne of inlet-velocity ratio.    Sharp 
presLuro peaks with steep adverse gradients appear outside of tills 
range    on the external surface at lower inlet-velocity ratios and on 
the internal surface at higher inlet-velocity ratios. 

2. The separation caused by the severe preseure pi. ales on such 
sharp-edge cowling lips is at first largely confined to a  "bubble" 
near tho leading edge; however, total-pressure losses due to the 
separation are reasonably low for a fairly wide range of inlet- 
velocity ratio. 

3« Internal losses for both Inlets tested were of the same 
order as those measured for the NACA transonic inlet of NACA KM 
No. L7A06 below an inlet-velocity ratio of 1.2.    At inlet-velocity 
ratios above this value the NACA transonic inlet, with its rounded 
lip, evinces a higher pressure recovery.    Similarly,  it is Indicated 
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that the «eternal drag far inlets A and B will lie higher than that 
for the NACA transonic Inlet, especially at low values of Vi/V0» 

k. ?or subsonic flight speeds, Inlet B would toe expected to 
choke before any local supersonic speed appeared on the noae cone. 
The data far Inlet A Indicate approximately this sane conclusion, 
although the margin of safety 19 considerably less than for Inlet B. 

5. The desirable flat pressure distribution over the external 
oowling surface may be obtained by using the NACA 1-serins noa~ 
Inlet aa a transition fairing between the ahcrp leading edge and 
the maximum cowling diameter. It is possible by use of this method 
to design sharp-edge inlets which will have critical Mach numbers 
up to about 0.9 In the subsonic flight regime. 

Langley Manorial Aeronautical Laboratory 
Rational Advisory Committee for Aeronautics 

Langley field, 7a. 
M 
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Figure 5.-   Detail view of Inlet A. 
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